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COSMIC DUST; RECENT RESEARCH AT THE FRENCH 
ATOMIC ENERGY COMMISSION 

NASA TT F-9576 

*& 

Theories on t h e  or ig in  of cosmic dust are reviewed. The 

probabi l i ty  of atmospheric, i ndus t r i a l ,  desert-sand and 

o ther  pollution, contribution by volcanic ash, tropospheric 

o r  s t ra tospher ic  homgenization, is eliminated by log ica l  

deductions, t o  prove t h a t  t h e  la rge  amunts of dust  accre- 

t i o n  on land and i n  marine sediments must be of extrater- 

restrial (cometary o r  meteoric) origin.  

dust  from t h e  to ro ida l  meteor group by t h e  ear th ,  due t o  

The capture of 

difference i n  form of t h e i r  o rb i t s ,  i s  theorized. 

tempt is  made to a t t r i b u t e  t h e  motion of t he  ea r th  i n  

An at- 

space, t h e  appearance of meteors i n  t h e  atmosphere, and 

the  f a l l o u t  of radioactive debr i s  to one and t h e  same phe- 

nomenon, n a m e l y ,  t o  an entrainment by magnetic dusts.  A 

Table is  given f o r  defining t h e  possible or ig ins  of dust  

f a l l o u t s  by eliminating improbable sources. 

1. His tor ica l  Aspects 

France has been one of t he  f irst  countries that became in te res ted  i n  cosmic 

dust.  

* Center f o r  Weak Radioactivity, CNRS (National Center of S c i e n t i f i c  Research, 
Par i s )  
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One year af ter  E.NordenskjEld who was t he  f i r s t  t o  observe cosmic dusts  i n  

1874, G.Tissandier and S.Meunier discovered and collected on Iceland, far f r o m  

any indus t r i a l  center, spherules i n  the f a l l o u t s  and i n  geological sediments. 

One year la ter ,  S i r  John Murray detected spherules i n  the  oceanic clays. I n  

1930, L.Rudeau observed the  f i r s t  correlation between meteors and spherules. 

Before that, t h e  most s ign i f icant  correlation had been furnished by one of t h e  

f e w  comets t h a t  ever f e l l  on ear th ,  namely, t h a t  of T u n p k a  i n  S iber ia  of the  

year  1908, which was accompanied by the appearance of spherules. 

Several years ago, Villermau as w e l l  as Legrand, Meunier, and Bonpas, 

published two a r t i c l e s  re fer r ing  t o  the co l lec t ion  and analysis  of m g n e t i c  

material collected.  The col lect ion was made on t h e  ou t sk i r t s  of i n d u s t r i a l  

centers,  thus introducing t h e  poss ib i l i ty  of i n d u s t r i a l  pollution, which i n  it- 

self is qui te  d i f f i c u l t  t o  determine. 

not receive the  publ ic i ty  which they would otherwise have deserved. 

For t h i s  reason, these two s tud ies  d id  

The start of our own work has been somewhat slower. On the  one hand, we 

made series of chemical and spectroscopic analyses on microspecimens of materi- 

als  collected e i t h e r  from f a l l o u t s  o r  extracted from geological deposits,  o r  

e l s e  obtained from marine cores. 

On t h e  o the r  hand, samplings made spec i f i ca l ly  f o r  studying radioactive 

f a l l o u t s  were measured. 

were f irst  published i n  the  Comptes rendua of t h e  Academy of Sciences i n  Spring 

of 1963 and la te r  a t  the  occasion of t h e  F i r s t  Conference on Cosmic Dusts held 

i n  New York i n  November 1963, covering a more general study of magnetic dust  

f a l l o u t s  f o r  a l l  of t h e  s ta t ions  i n  the  French Commonwealth (Fig.1). 

The results, s o  far as Metropolitan France is concerned, 

/2 

Do cosmic dus ts  const i tute  micrometeorites? 

The main t ruly abundant f a l l  of meteoric dust collected by us during t h e  
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past f i v e  years,  was that of August 1959 (Fig. l )*  

Perseids shower was detected by Crozier a t  New Mexico, by Kreiken i n  Turkey, and 

by more than half  of t he  French s ta t ions .  

these  s t a t ions  ( a t  Dijon) was part icular ly  abundant; Patureawr of t he  Mineralogy 

Laboratory of t h e  Museum of Natural History attempted t o  de tec t  nickel  i n  t h i s  

material but was unable t o  discover even t races .  

This par t icu lar ly  intense 

The material collected i n  one of 

'me Fe203 per month 
and per  w l l . S t a t i o n  ( V I 0  o f  m2) M I N I M U M  NETWORK 

I - . -  

Fig.1 Mean Monthly Magnetic Dust Fallouts f o r  t h e  Network 
of French Whimumf t  Stat ions 

The second attempt a t  a detection of nickel,  made on our request by M.S.by 

using t h e  ac t iva t ion  analysis  method, showed a nickel-iron content of less than 

O*l%. A t  t he  time, these analyses were qui te  upset t ing s ince t h e  presence of a 

la rge  n icke l  content i n  t h e  i ron  was considered a necessary c r i t e r i o n  f o r  cos- 

micity.  

was a strong presumption i n  favor of i t s  cosmic or igin.  

h i s  s tud ie s ,  it appeared cer ta in  tha t  t h i s  la rge  f a l l o u t  was worldwide. 

obvious conclusions were that t h e  meteoric material, although highly magnetic, 

did not contain the  high percentage of nickel  present i n  i ron  meteorites and 

However, i n  view of the  extent and abundance of t h i s  material, there  

When Crozier published 

The 
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Fig.2 Overall Composition of Magnetic Dust, Extracted from 
Clays o r  Collected i n  Fal louts  
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that, consequently, various compositions of cosmic f a l l o u t s  may ex i s t .  

It was of importance t o  determine whether t h e  composition of t h i s  f a l l  of 

August 1959 represented a par t icu lar  case or ,  conversely, whether it was typical, 

f o r  cosmic dusts  i n  the  event that these la t te r  did not have the  composition of 

meteorites. 

To attempt solving t h i s  problem or,  a t  least, t o  combine some data  which 

would have as s i s t ed  us i n  deciding whether t h e  n icke l  content should o r  should 

not be considered a c r i t e r i o n  f o r  cosmicity, we made several  analyses on various 

materials 

The analyses concerned a material  which we intended t o  be e n t i r e l y  f r e e  of 

i n d u s t r i a l  pollution. 

material i n  la rge  quant i t ies  of Tertiary clays; these dusts  were then analyzed 

by Mrs. Cittanova [C.E.A. (Atomic Energy Commission), Saclay] by op t i ca l  spectro- 

scopy. 

i t e s  and other  materials. 

For t h i s  reason, we made a massive extract ion of majpetia 

Figure 2 gives a comparison of these compositions with those of meteor- 

The composition of magnetic dusts appeared qu i t e  d i f fe ren t  from t h a t  of 

meteorites. 

extraterrestrial or ig in ,  which i s  thus one reason more f o r  us t o  believe t h a t  

t h e  high n icke l  content, in t h i s  respect, did not cons t i tu te  an i r r e fu t ab le  

proof. These highly magnetic pa r t i c l e s  were not always spherical ;  i n  f a c t ,  

true spheres are qui te  rare. 

forms do exist i n  space. 

However, it is d i f f i c u l t  t o  believe that t h i s  mterial was not of 

& 
It has been proved s ince then t h a t  nonspherical 

After extract ion,  t h e  magnetic par t ic les  extracted from the  clays were 

s tored  i n  a water-filled bo t t l e ,  but placed so as t o  prevent complete immersion 

of t h e  uppermost layer.  

surface changed color within less than one rnonth, going f r o m  black t o  rust brown. 

We were greatly surprised t o  f ind  that t h e  exposed 

3 



This made us th ink  t h a t ,  during the f a l l  and t r a n s i t  time within the  water, 

the  mterial i n  question was only pa r t i a l ly  oxidized and remained qu i t e  close t o  

i t s  i n i t i a l  composition. 

compositions. 

t h e  presence of a large number of other elements i n  appreciable quant i t ies .  

For t h i s  reason, we made a detai led study of these 

The p i n t  of i n t e r e s t  was not so much t h e  low nickel  content but 
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Fig.3 Synoptic Table of Spherule Analyses k d e  with t h e  
Castaing Electronic Microprobe 

The numerals i n  f r o n t  of t h e  formula ind ica te  t h e  number of 
cases encountered i n  the  spherules of Arctic and Antarctic 

snows (Langway e t  al .) ;  t h e  numerals af ter  t h e  formula 
ind ica te  t h e  number of spherules extracted from 

Mediterranean sediments (Grjibine e t  al.) 

S i l i con  was present t o  a t  least 30%, i n  the  form of pa r t i c l e s  obviously 

composed of a type of silica glass and of iron. Another i n t e re s t ing  aspect  of 

a technica l  nature should be mentioned: 

t o  dissolve a l l  t h e  dusts  i n  ordinary ac ids  f o r  spec t ra l  analysis. 

t i tanium ranged a f te r  i ron  and s i l icon ,  followed immediately by copper, zinc,  

and barium; it is  surpr is ing that we found 0.6% barium and 0.1% lead. 

It was very d i f f i c u l t  i f  not impossible 

Calcium and 

It i s  
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also odd t h a t  we had almost t he  same quant i t ies  of cobalt  and nickel. 

These results have not ye t  been published since,  because of t he  f a c t  t h a t  

they were unexpected, they had t o  be ver i f ied on o ther  specimens. 

always consider t h e  poss ib i l i t y  of some unsuspected pollution. 

are now being investigated and, within a short  time, a complete series of analy- 

ses w i l l  be published. 

One must 

Other specimens 

To c l a r i f y  t h e  problem of the  nickel,  we removed spherules f r o m  oceanic 

I n  f a c t ,  it was on t h i s  type of sample that the  f i rs t  correlat ion had cores. 

been observed. 

Figure 3 is a synoptic Table, grouping a l l  spherules analyzed by us on 

microspecimens, including those analyzed by Langway, Hodge, and Wright. 

extremely low number of nickel-iron spherules is  s t r ik ing .  

The 

Other analyses on spherules extracted from polar  ice, whose r e su l t s  were 

reported during t h e  New York conference by Chester Langway, Frances Wright, and 

Paul W.Hodge, showed similar compositions 

Whereas t h e  n icke l  content as a c r i t e r ion  of cosmicity could be eliminated, 

these  la t ter  analyses (118 spherules and fragments examined by Wright, Hodge, 

Langway and 127 spherules studied by Grjgbine, Lalou, Ros, Capitant) yielded 

completely unexpected r e su l t s :  

spherules i n  associat ions unknown on ear th ,  mixbures of su l fu r ,  iron, and s i l i co -  

aluminates, e tc .  

def ine a new cosmicity c r i t e r ion ,  based on anomalous chemical associations*. 

fi 

In  f ac t ,  cer ta in  elements were present i n  t h e  

Thus, within a r e l a t ive ly  shor t  time it should be possible t o  

A t  first s ight ,  it seems t h a t  t h e  d i f f e ren t  compositions could be corre- 

l a t e d  with the  pr inc ipa l  mineralogical families, and t h e  synoptic Table a c t u a l l y  

* Since then, t h i s  subject  was covered i n  a paper presented a t  the  Congress on 
Cosmic Dust a t  Heidelberg (1965). 

7 
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was compiled with t h i s  i n  mind. 

that these groups do not always represent s t ab le  associat ions.  

t y ,  the elements present i n  a given spherule a r e  condensed there  i n  accordance 

with random l a w s  o r  i n  accordance with a geochemistry d i f f e r ing  completely from 

t e r r e s t r i a l  geochemistry; it is  obvious that no se lec t ion  and so r t ing  of ele- 

ments, as would have taken place i n  a body undergoing fusion under terrestrial 

conditions of pressure and temperature, ever took place. These considerations 

permit t h e  de f in i t i on  of a cosmicity c r i te r ion ,  while a l so  giving a sa t i s f ac to ry  

h i s t o r i c a l  background f o r  t he  o r i g i n  of t he  collected dusts.  

However, a c loser  examination showed c l ea r ly  

I n  a l l  probabili- 

Another i n t e re s t ing  aspect i s  revealed on comparing our r e su l t s  with those 

obtained by Wright, Hodge, and Langway. The first work was concerned with 

spherules collected i n  the  upper atmosphere and i n  polar i ce ,  w h i l e  t he  second 

study centered on spherules extracted from marine sediments 

In  118 analyzed par t ic les ,  Wright e t  al .  found 75 categories whereas the  

127 pa r t i c l e s  analyzed by us only permitted a c l a s s i f i ca t ion  in to  42 categoriesq 

The two analysis  nethods are so similar  that the  r a t i o s  75 118 = 1.5 and 127 = 
k2 

= 3 have a good chance of being o f  t rue physical significance.  

I n  f a c t ,  two  d i f f e ren t  explanations might be offered: Wright and coworkers 

worked on pa r t i c l e s  l a rge r  than o u r s  and with a l a rge r  number of d i f f e ren t  ele- 

ments per pa r t i c l e ,  thus increasing the chances of encountering more categories 

( fo r  1.5 p a r t i c l e  on t h e  average). 

those investigated by Wright and found a new category f o r  each th i rd  par t ic le .  

Thus, it can be s t a t ed  that t h e  number of categories i s  more o r  less proportion- 

a l  t o  t h e  dimensions and t o  t h e  probabi l i ty  of having various associat ions of  

elements. 

We studied pa r t i c l e s  about twice as smll as 

The second explanation would involve corrosion. 

8 



2. Corrosion 

On t h e  o ther  hand, it is w e l l  possible that t h e  dimensions of our p r t i c l e s  

were smaller s ince  mny  among them d i d  not have a chance of reaching the  bottom 

of t h e  ocean and thus  were subject  t o  corrosion. 

t a c t  only the  mst r e s i s t a n t  pa r t i c l e s ,  

Such corrosion would leave in- 

The number of spherules per gram o f  sediment, i n  t h e  cores Nos.& and 13, 

tlgain illustrates t h e  e f f e c t  of corrosion. 

The core No.13 was taken i n  a Lutecian sediment, located a t  a depth of 

The core No.& comes f r o m  a mre rapid sedimentation zone, a t  t h e  f o o t  2615 m. 

of t h e  Continental Slope. 

No.13, and 466 spherules per gram i n  the  specimen No.&. 

number of spherules increases  with the rate of sedimentation. 

i s  s ign i f i can t .  I n  f a c t ,  we demonstrated t h a t ,  i n  t h e  core No.13, t h e  number of 

spherules varied i n  inverse proportion t o  t h e  coarse f r ac t ion ,  which would ind i -  

cate t h a t  t h e  spherules are mre o r  less  d i lu t ed  i n  t h e  terrigenous d e t r i t i c  

matter. 

The mean was 269 spherules per gram i n  the  specimen 

I n  o ther  words, t h e  

This d i f fe rence  

I n  o ther  words, corrosion destroys mre than ha l f  of t h e  cosmic particles*. 

This explains the  f a c t  that, despite t h e  low n icke l  content of t h e  spher- 

u l e s ,  t h e  cor re la t ion  between the  number of spherules and t h e  t o t a l  n icke l  con- 

t e n t  of t h e  sediment persists. The spherules i n  t h e  sediments present only t h e  

most r e s i s t a n t  portion of t h e  matter which, coming from cosmic space, has been 

introduced i n t o  t h e  oceans. 

Petterson thought of t h i s  and, i n  collaboration with Rotschi, published a n  

Jt Since then, t h i s  subjec t  was covered i n  a paper presented a t  t h e  Congress of 
t h e  In t e rna t iona l  Cormnittee of Sc ien t i f i c  Studies of t he  Mediterranean, Monaco, 
October 1964.. 
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a r t i c l e  on the abnormal r a t e  of n icke l  i n  sediments of t he  Pacif ic  Ocean. 

t h i s  p i n t ,  our  r e s u l t s  agreed w i t h  his.  

For a long time, microscopic cosmic matter was considered a mere cur ios i ty  

On /6 

and no one ever thought that t h i s  might be the  pr incipal  source of matter con- 

s t i t u t i n g  the  sediments of t he  Central  Oceanic Regions. 

a) Total  Mass of Cosmic Dust Fal l ing on the  Earth 

The estimates as t o  the  t o t a l  mass of accret ion on ea r th  var ies  by a f a c t o r  

of lo” among the  various authors, a var ia t ion  due mainly t o  the  methods used. 

Even t h e  estimates by one and t h e  same author,  H.Petterson, varied by a f a c t o r  

of 18 depending on the  methods used by him. 

I n  our  first evaluation of t h e  t o t a l  accreted mass, we made use of t h e  

radioactive debris  col lect ing network C.R.A.P.A.L. of t h e  Atomic Energy Commis- 

sion. 

i n  the  former t e r r i t o r i e s  of Overseas France. 

This C.R.A.P.A.L. network comprises U, s t a t ions  i n  France and 30 s t a t ions  

The co l lec tors  themselves a re  Fade of Plexiglas,  w i t h  an  opening of 1/10 m2. 

The opening of t h e  co l lec tor  is  covered with s te r i l i zed  gauze. A t  t h e  bottom of 

t h e  vessel ,  there  i s  a wad of cotton and a container with an  ion-exchange resin.  

The gauze and t h e  cotton a r e  calcined and the  ashes are weighed on a mag- 

n e t i c  balance. 

10% on the  average, but the  magnetic weighing of these col lect ions permitted a 

rapid measurement of t h e  dust,  without preweighing and without destruct ion of 

t h e  specimens. 

This calcinat ion reduces t h e  magnetism of t h e  dust specimens by 

The s t a t ions  a r e  located i n  National Meteorological Parks.  The col lectors ,  

relative t o  radioactive debris ,  have furnished data  comparable t o  those obtained 

by o t h e r  methods [adhesive tape(Venus fly t r ap ) ,  water t r aps ] ;  t h u s ,  it was 
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possible t o  estimate them as representative of the  surface that they represent.  

I n  t h i s  fashion, we have refuted a l l  r e s t r i c t i v e  hypotheses, such a s  t h e  

necessi ty  of t h e  object  being spherical .  

The only ce r t a in  charac te r i s t ic  of a cosmic dust  i s  that it arrives f r o m  

space. 

by simply invest igat ing the  dust f a l lou t s ,  no matter of w h a t  type, and t o  ana- 

lyze exclusively t h e  var ia t ions as a function of time and location. 

A t  t he  beginning, it is thus natural t o  start t h e  study of cosmic dusts  

The method of magnetic weighing had various advantages over simple weigh- 

The method i s  more sens i t ive  and permits d i r e c t  working on the  f i l t e r ,  ing: 

without any pretreatment. 

time, in view of t he  f a c t  that t h e  i ron oxides are converted in to  hydroxides 

which reduces the  magnetism by a f ac to r  of 1OOO. Therefore, t h e  magnetic weigh- 

ing  favors so-called "fresh- dusts ra ther  than dusts  of t h e  s o i l  whose magnetism 

has been attenuated. 

The magnetism of t he  dusts  i s  r e l a t ive ly  l imited i n  

I n  view of t h e  f a c t  that we are not looking f o r  individual  pa r t i c l e s ,  it is 

impossible t o  d is t inguish  cosmic dusts f r o m  terrestrial  and indus t r i a l  dus ts ,  

except by analyzing them f r o m  t he  geographical and chronological viewpoint. 

We a lso  collected dusts  on board commercial and naval vessels,  equipped 

with sc i en t i f i c  instrumentation and forming part of French polar expeditions. 

Toward t h e  end of 1962, t he  measurements made over a period of f i v e  years 

i n  t h e  C.R.A.P.A.L. s t a t ions  i n  France could be subdivided in to  two groups. 

values of t h e  first group were equivalent to about 2 mg of Fe,O,-gamma per 

C.R.A.P.A.L. and per mnth .  

Coast, i n  cul t ivated regions without industry o r  having industry operating only 

on natural gas from Lacq. 

ta ined  with t h i s  group, we made our first estimate of a cosmic accret ion of 

The 

T h i s  group is  localized on t h e  French At lan t ic  

On t h e  basis of t h e  mean values of t h e  r e s u l t s  ob- 
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2.4 x 18 tons per year (Bibl.8); see Fig.l*. 

The second group yielded values higher than 2 mg and of much grea te r  varie- 

The col lectors  i n  question were placed underground and frequent ly  downwind ty .  

of i n d u s t r i a l  zones, which thus might const i tute  an  index of i n d u s t r i a l  pollu- 

t ion.  Local meteorological conditions might g rea t ly  influence t h e  quant i ty  of 

dust  collected.  This is  the  case spec i f ica l ly  f o r  radioactive debr i s ,  s o  t h a t  

it i s  understandable that large sca t te r ing  of data  exists f o r  t he  various sta-  

t ions  

The data  obtained i n  the  overseas s t a t ions  (Fig.4) indicate  that t h e  mean 

obtained f o r  t he  French s t a t ions  is closed t o  t h e  worldwide mean. 

Sahara and a portion North of t h e  Sudan, where aeol ian erosion is  s igni f icant ,  

t he  mean values taken over a period of four  years i n  the  overseas s t a t ions  a r e  

of t h e  same order of nagnitude as t h e  f igures  obtained f o r  France. 

Excluding t h e  

S ta t ions  such as Tah i t i ,  Diigo-Suarez , Tul ia r ,  Tananarive , Rgunion Island, 

New Amsterdam, were shown t o  be free of pollution. /8 
Such a constant d i s t r ibu t ion  of mgnet ic  dusts  over the surface of the 

globe i s  s t r ik ing .  

of t he  substance (conversion made with a quant i ty  of dust  su f f i c i en t ly  large f o r  

being magnetically weighed and measured), t h e  r e s u l t  is a t o t a l  rate of deposit  

of 2.4 x lo" tons/yr f o r  t he  e n t i r e  earth o r  4.8 @/ma per year as a worldwide 

value. 

After converting the  magnetic quant i t ies  i n to  real weights 

3 .  Poss ib i l i t y  of Aeolian Pollution 

I n  France, t h e  poss ib i l i t y  of wind-borne pol lut ion is  negligible.  The s o i l  

* Since then, T.A.Mutch, making estirrates on t h e  basis of 
ules  contained i n  t h e  s a l ine  deposits of t h e  Primary Era,  
t i o n  amunt ing  a l so  t o  18 tons per year, o r  even more i n  

t h e  number of spher- 
found a rate of accre- 
some cases. 
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is humid and covered with vegetation i n  t h e  oceanic coas ta l  regions ( f i r s t  

group). 

d u s t  have been observed, generally presumed t o  be of Saharian or igin.  

of such ra ins  occurred i n  April  1962. 

cer ta in .  

There a r e  no denuded slopes. Occasionally, ra ins  charged with a reddish 

The last 

The nature of t h i s  odd phenomenon is un- 

Aeolian pollution i s  hardly possible f o r  the  overseas s t a t ions  below 10" 

Lat .N. 

4. Poss ib i l i t i e s  of Indus t r i a l  Pollution 

With respect t o  the  overseas stations, i ndus t r i a l  pol lut ion is  impossible. 

In  f a c t ,  there  are no local dus ts  of i ndus t r i a l  o r ig in  and, i n  addition, t h e  

hypothesis of a pol lut ion coming f r o m  f a r  away i s  untenable s ince the  t o t a l  

quant i ty  of magnetic f a l l o u t s  is  much too great t o  be a t t r i bu ted  t o  industry;  

t h i s  is t rue  f o r  a l l  ashes i n  general. 

It is  d i f f i c u l t  t o  believe t h a t  t h i s  pollution, i f  it were indus t r ia l ,  

could be d is t r ibu ted  so m i f o m l y  over the  two Herriispheres. It i s  known, from 

s tud ie s  on radioactive debris ,  t h a t  even these f a l l o u t s  take a r e l a t ive ly  long 

time t o  cross the  equator. 

So far as Metropolitan France is concerned, the total amount of dusts  in- 

troduced in to  the  a tmsphere  is quite accurately known. 

of  France, s o  as t o  prevent any claims and lawsuits,  keeps accurate d a i l y  sta- 

t i s t i c s  on f l y  a s h  emitted by i t s  own i n s t a l l a t ions  and by other  sources, such 

as t h e  French Railways, pr ivate  industry, and domestic housing. 

proportion of such f l y  ash is  not su f f i c i en t ly  high t o  j u s t i f y  the quant i ty  of 

dus t  detected by the  col lectors .  

The Nat iona l  Power Co. 

For France, t he  



5 .  Magnetic Dust over the  Oceans 

The measurements made i n  August and September 1963 on board t h e  sh ips  of 

t h e  Compagnie G6n6rale Transatlantique (General Transatlantic Company) and t h e  

Compagnie des  Messageries Maritimes su r  lfOc6an Atlantique (At lan t ic  Maritime 

Transport Company) are p lo t ted  i n  Fig.5 as a function of t h e  l a t i t u d e .  

These curves show t h e  following: 

1) The dens i ty  of t he  magnetic dus t  i n  t h e  a i r  is  extremely variable. 

I n  t h i s  respect, t h e  magnetic dus t  behaves exact ly  as t h e  radioact ive 

debr i s .  

2) The concentration of dus ts  col lected over t he  ocean i s  higher than 

that encountered on t e r r a  firrna. 

f o r  checking these highly surpr i s ing  r e su l t s .  

Additional experiments are scheduled 

6. Rate of F a l l  

The quantity of dust  f a l l i n g  each day on a co l lec tor  can be theo re t i ca l ly  

enclosed i n  a n  equivalent column of the same cross sect ion as t h e  co l l ec to r  

whose height i s  given by t h e  a l t i t u d e  f r o m  which a dust  p a r t i c l e  of average s i z e  

may f a l l  t o  t h e  ground within one day. 

This w i l l  produce a column of 1880 m height ,  f a l l i n g  each day on t h e  col- 

l e c t o r ,  which i s  equivalent t o  a r a t e  of 78.5 m per day. 

t h e  same column would have a mean height of 1300 m. 

ing. 

For radioactive debr i s ,  

This coincidence i s  s t r i k -  

The ve loc i ty  i n  question i s  considerable and explains why t ranspor t  over 

la rge  d is tances  is  p rac t i ca l ly  impossible. 

with t h e  r e s u l t s  of calculat ions based on Stokes' l a w .  The agreement w i t h  t h e  

r a t e  of f a l l  of radioactive debr i s  would be even b e t t e r  i f ,  f o r  t h e  f i l t e r ,  we 

T h i s  r a t e  seems i n  good agreement 



would assume a 100% stopping power f o r  magnetic dusts .  This rapid rate of Le 
f a l l  i s  another argument contradicting the poss ib i l i t y  of a t ransport  mechanism 

over long distances.  

. 

Fig.5 Variation i n  the  Quantity of b g n e t i c  Dust i n  the  A i r  
above t h e  Atlantic,  Compared t o  Toulouse 

It is  of i n t e r e s t  t o  note that, if H.Petterson had taken a shor te r  resi- 

dence time f o r  h i s  calculat ions,  h i s  accret ion rate would have been comparable 

t o  our own values. 

16 



7 .  Chronological and Geographical Correlations 

The high rate of f a l l  of magnetic dusts  excludes any tropospheric homogeni- 

The quantity of dust ,  f a l l i n g  on the  individual s t a t ions ,  var ies  great- zation. 

ly .  

mean residence time i n  t h e  stratosphere probably i s  very short .  

not t he  case, t he  dusts  would obey t h e  same d i s t r ibu t ion  l a w  as t h e  aged radio- 

ac t ive  debris  and would f a l l  on a l l  s t a t ions  a t  a much more uniform abundance. 

This means that no s t ra tospheric  homogenization takes  place and that the  

If t h i s  were 

The f a c t  t h a t  ce r t a in  peaks, as that of August 1959 (Perseids shower), were 

observed by Crozier i n  New Mexico, by Kreiken a t  Ankara i n  Turkey, and by our- 

selves  i n  France and i n  Madagascar, can be a t t r i bu ted  t o  the  assumption t h a t  a 

p a r t  o f  t h e  dust present i n  the  atmosphere i s  introduced on a worldwide scale; 

however, here again, no mixing can be t h e  cause since t h e  durations of such 

peaks are much too b r i e f .  

In  view of t he  improbability of long residence times, any s ign i f i can t  /10 
contribution of volcanic or ig in  is a l s o  out  of the  question. 

chronological order s ince August 1958 do not coincide with t h e  chronology o f  

volcanic eruptions 

The values published with respect t o  cosmic accret ion on ear th  a r e  on the  

The logs kept i n  

increase s ince a f e w  years, i n  keeping with the  gradual elimination of the  l i m i -  

t a t i o n s  inherent t o  t h e  techniques used ( for  example, corrosion of pa r t i c l e s  i n  

salt  water, l imi ta t ion  i n  dimensions by f i l t e r i n g  and resolut ion of t h e  count- 

ings,  l imi ta t ions  inherent t o  a l l  types of magnetic separation).  

by rockets ,  balloons, and high-altitude a i r c r a f t  show t h a t  pa r t i c l e s  much small- 

e r  than  those previously considered ac tua l ly  do ex is t .  

t r o n i c  microscopes imposes a l i m i t  on such evaluations. 

t i o n ,  integrated i n  accordance w i t h  Ma,cCraken and coworkers, is  extrapolated t o  

17 
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small dimensions, a mass of accret ion much l a rge r  than previously estimated w i l l  

be obtained. Such an extrapolation is jus t i f i ed  s ince,  i n  addi t ion t o  micro- 

meteorites, t he  presence of nanometeorites has a lso  been observed. 

some of these samples contained matter i n  a form undetectable even by the  elec- 

I n  addi t ion,  

t r o n  microscope. This matter could not have been detected except f o r  t h e  heat 

generated by e lec t ron  bombardment which caused melting of t h e  matter, reducing 

it t o  minuscule and compact spherules o f  t he  order of a f e w  hundred angstroms. 

I n  addition, i ron  was detected*. 

I n  Fig.6, various estimates of the year ly  accret ion of mss on ea r th  are 

compiled. The columns show the  d i f fe ren t  l imiting f ac to r s  introduced by a num- 

ber  of authors: corrosion of specimens taken f r o m  t h e  ocean o r  from other  s a l i n e  

deposits.  

that t h e  spherical  form was only one of t h e  possible shapes, which means t h a t  

The dust samples collected and returned t o  ea r th  by rockets indicated 

t h e  estimates based exclusively on spherules cer ta in ly  a r e  not within t h e  realm 

of r e a l i t y .  

Evaluations of dust  dens i t ies  around the  ear th ,  made by means of satell i tes,  

d i f f e red  greatly.  The values of t h e  f lux vary as a function of the  mode of 

p a r t i c l e  detection: by photomultiplier, by microphonic counter, by surface 

m n i t o r ,  o r  by perforated detectors.  So long as we do not know the  exact shape 

of cosmic dust  - hollow spherules, fragments, filaments - we w i l l  not be able t o  

standardize accurately w h a t  we detect. I n  any case, t h e  f i n e s t  dusts  are never 

detected and, as indicated above, much higher f igures  than our own are obtained 

on extrapolat ing t h e  satell i te data t o  small dimensions. 

mass of accret ion on the  basis  of density of the  dust  (around the  ea r th ) ,  ce r t a in  

In  calculat ing t h e  

* Since then, estimates based on the abundance of matter contained i n  nocti- 
lucent  clouds, composed of dust  of cosmic o r ig in  a t  100 km a l t i t ude ,  indicated 
a n  even greater  percentage of small par t ic les .  
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authors again arr ived at  higher values. 

l i t e s  yielded no data  on t h e  d i rec t ion  of f l u x  of t he  dust  c i rcu la t ing  about thq 

The measurements made on board satel- 

ear th .  

cor rec t  conversion of the  mass f lux  ar r iv ing  a t  the  e a r t h f s  surface. 

It is highly important t o  know t h i s  d i rec t ion ,  so as t o  prevent an  in- , 

8. Rate of Sedimentation 

The rate of accre t ion  of 2.4 x los ton/yr gives a r a t e  of sedimentation of 

2.4 mm per 1000 years assuming a sediment densi ty  equal t o  2, which f a i r l y  w e l l  

agrees  with t h e  observed rates of sedimentation a t  t h e  same l a t i t udes  i n  both 

t h e  At lan t ic  and t h e  Pacif ic  Ocean. 

would produce the  formation of a layer of about 7 km thickness s ince t h e  begin- 

T h i s  rate, presuming that it is  constant, 

ning of  t h e  geological ages. 

depth of oceanic layers above the  Mohorovicic discont inui ty .  

This thickness i s  surpr i s ing ly  similar t o  t h e  

It is of i n t e r e s t  t o  note that several  authors (Van Hilten 1963, Carey 

1958, Heezen 1959, Hilgenberg 1962), i n  s t a r t i n g  f r o m  an  e n t i r e l y  d i f f e ren t  

d i sc ip l ine ,  namely, t h a t  of Wleomagnetism, arr ived a t  a similar estimate of 

increase i n  t h e  e a r t h f s  radius (2 km) s ince  geological times. 

probable that t h i s  increase has not been constant, which would fu r the r  reduce 

t h e  difference between t h e  resu l t s .  

It is  highly 

9. Origin /12 

To review our observations and t o  evaluate t h e  probabi l i ty  of possible d i f -  

f e r e n t  or igins  of magnetic dusts,  we compiled a Table giving t h e  possible o r i -  

gins  i n  vertical columns and the  charac te r i s t ics  of t he  magnetic dust  i n  hori-  

zon ta l  rows. T h i s  Table permits t o  eliminate a possible o r ig in  each time t h a t  

an  observed cha rac t e r i s t i c  does not agree with t h e  presumed or igin.  
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I Only extraterrestrial or igins  are never excluded . However, cosmic or ig ins  

may vary widely. 

c lasses  of meteors, t he  comets, t h e  meteorites, t h e  won,  e tc .  

s tone and i ron  meteorites cannot f u r n i s h  appreciable quant i t ies ;  s tud ies  made 

on the  Grant meteorite show that only a layer of 2 - 6 cm has been removed by 

ablat ion.  

i f  t h e  e n t i r e  mass of a meteorite entering the  terrestrial  atmosphere were con-' 

verted in to  spherules, t h i s  volume would s t i l l  be insuf f ic ien t  t o  account f o r  

t h e  numerous spherules t h a t  f a l l  on the e a r t h  each year. 

reasons and f o r  reasons of chemical composition, we must exclude a meteori t ic  

These include: t h e  sun, t he  zodiacal cloud, t he  various 

The ab la t ion  of 

, 

On t h e  o the r  hand, Parkin and Hunter demonstrated i n  1962 t h a t ,  even 

Thus, f o r  s t a t i s t i c a l  

o r i g i n  f o r  t h i s  dust .  A lunar o r ig in  has never been investigated.  

A cometary o r  meteoric or ig in  seems more probable. The correlat ions with 

meteor showers and, spec i f ica l ly ,  t he  r a t i o  of 0.3 observed between t h e  peaks 

and t h e  slow var ia t ions  i n  the  curve of magnetic dust  f a l l o u t s  established f o r  

France, seem t o  ind ica te  t h a t  meteor showers and sporadic meteors ( r a t i o  0.26) 

(24) might be s ign i f icant  sources. 

The pr incipal  difference between meteoric and meteori t ic  materials i s  that 

t h e  former are not located,  l i k e  t h e  meteorites and as te ro ids ,  i n  the  plane of 

t h e  e c l i p t i c .  This difference my well be the  prime expl icat ion f o r  the d i f f e r -  

ences i n  o r ig in  and composition. Up t o  now, so far a s  naked-eye meteors a r e  

concerned, Opick was t h e  only one t o  make measurements of hyperbolic veloci ty ,  

meaning t h a t  these measurements, apar t  f r o m  any other  r e s u l t s ,  do not show the 

exis tence of i n t e r s t e l l a r  meteors. However, these observations referred only 

t o  meteors of appreciable s ize .  The problem of o r b i t s  of sporadic meteors and 

pa r t i cu la r ly  of o r b i t s  of radiometeors of very small dimension, appears even 

more complicated. The crew a t  Jodrel l  Bank and l a t e r  t h a t  a t  Harvard reported 
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I t h e  existence of a so-called %oroidaln group whose o r b i t s  are highly peculiar.  

T h i s  group consis ts  of a meteor population of small dimensions which a r r i v e  

i n  t h e  plane of t h e  e c l i p t i c  with a 6 8  N incl inat ion.  

been suggested f o r  t h i s  par t icu lar  group. 

Unt i l  now, no o r i g i n  ha? 

We are not spec ia l i s t s  i n  radioastro- 

nomy but would nevertheless l i k e  t o  advance a suggestion: It might be possible 

t o  e s t ab l i sh  a cor re la t ion  between t h i s  group and t h e  mvement of  the ea r th  

about t h e  sun, which i s  an oblique hel icoidal  m t i o n  with an  inc l ina t ion  of 48 a 
The dust  present i n  i n t e r s t e l l a r  space would thus be collected by the  s o l a r  sys- 

t e m  and by the  earth.  

This f i n e  dus t  would be a t t rac ted  toward t h e  s o l a r  system and, a t  the  same 
I 

t h e ,  would be decelerated by the  so la r  rad ia t ion  pressure and t h e  s o l a r  wind, 

i n  view of t he  f a c t  t h a t  t he  dimensions of t h e  pa r t i c l e s  are reduced and, ap- 

parently,  t h e  dust  i s  not massive but is characterized by a high surface/mass 

r a t i o  (see the  work by Verniani). 

g ible .  

t h e  dust  pa r t i c l e s  i n  space were known, it should be completely su f f i c i en t  t o  

make t h e  meteors of t he  toro ida l  group exhib i t  o r b i t s  and ve loc i t ies  t h a t  no 

longer are hyperbolic. 

Presumably, t h i s  decelerat ion is  not negli- 

Although t h i s  deceleration can be calculated only i f  the form assumed by 

Such a decelerat ion would permit capture of t h e  dust  by t h e  planet. The 

r e su l t an t  motion could be of the  type of ' b i s s - c r o s s  pattern" known as t h e  

t o r o i d a l  group. 

t o  an influence of t he  magnetic f i e l d  and of t h e  Van Allen b e l t s ;  t h e  surplus 

i n  t h e  Northern Hemisphere, due t o  meteors, would thus be drained and descend 

toward t h e  s o i l  i n  a preferen t ia l  d i rec t ion  a t  49 N. 

The f inal  d is t r ibu t ion  of t he  dusts  over t he  s o i l  would be due 

On t h e  e a r t h  i t s e l f ,  we have three types of observation avai lable  which 

might possibly be correlated with these dusts.  These are: d i s t r ibu t ion  of 
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Fig.7 Truth Table for Possible Origins of Spherules 
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Fig.8 Col l ec t ion  S t a t i o n  on t h e  Island of R6 

2-4 



NASA TT F-9576 . 
radioact ive debris  of atomic bombs along t h e  meridians; d i s t r ibu t ion  of natural 

radioactive products ; d i s t r ibu t ion  of products formed by cosmic radiat ion 

(beryllium-7). 

approximately a t  48; the  maximum of the Northern Hemisphere is  more pronounced 

The three  d is t r ibu t ions  a r e  qui te  similar, showing two maxima 

than t h a t  of t h e  Southern Hemisphere. It is  na tura l ly  possible that t h e  ex- 

planation should be looked f o r  qui te  simply within the  atmosphere, and numerous 

( i n  f a c t  too many) explanations have been published on t h i s  point. However, ,Q 

it would be d i f f i c u l t  t o  understand how a purely atmospheric process could lead 

t o  a disequilibrium between North and South as pronounced as t h a t  observed with 

all radioact ive t racers .  

We have demonstrated that the  r a t e  of f a l l  of magnetic dus ts  is  qui te  close 

t o  t h e  ve loc i ty  of radioactive debris ,  s o  t h a t  one would be tempted t o  assume 

that t h e  magnetic dusts might const i tute  a vehicle of "heavy rain" f o r  t he  

debr i s ,  entraining them toward the  ground. I n  t h i s  case, it could be under- 

stood t h a t  t he  motion of t he  ear th  i n  space, t he  appearance of meteors i n  t h e  

atmosphere, and the  f a l l  of radioactive products on the  ear th  are mni fe s t a t ions  

of one and t h e  same phenomenon. 

However, a t  present we are s t i l l  far f r o m  such a synthet ic  theory. 

start with, it must be su f f i c i en t  t o  keep t h i s  theory i n  mind s ince it might 

serve later i n  the  preparation of new experiments. 

To 

W e  have not spoken of the  effects  of cosmic dust i n  meteorology and, i n  a 

more general  manner, i n  climatology, but t h i s  is  a very vas t  t op ic  (one might as 

w e l l  speak of t h e  lunar surface).  

I n  conclusion, we would l i k e  to mention that we are i n  favor  of an inter-  

na t iona l  cooperation i n  the  f i e l d  of observation and col lect ion of dusts  over 

t h e  ent i re  world. In  f a c t ,  we have prepared a project i n  t h i s  direct ion.  
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